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This was the first yearthe ISC operated as a charitable incorporated organization (CIO
Despite the continuation of the pandemic, it was a rather productive year thanks to the suppo
of 71 MemberInstitutions and 11 Project Sponsors.

As the result of a special effort, produ@n of the Reviewed Bulletin wasfinally brought back
to 24 months behind real time.The data for seismic events during 208-2021 have been added
to the ISC Bulletin.The ISC continued using openly available waveforms to determinine
probabilistic point source models, thesource mechanismshased on first motion polarities, and
to constrain earthquake depths, based on depth phase pickingsSmaller continental
earthquakes during the 196-2017 period and source mechanisms from literaturg(1915-1989)
have been added to the ISGEM catalogueThe ISGEHB dataset and corresponding subductior
zone crosssections have been extended to include the data year 2018.

A new ISCservice Z the Electronic Archive of Printed Station/Network Bulletins has been put
into operation. Both the ISC product download statistics and the large number of scientifi
research articles indicate extensive worldwide use of ISC data.
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1EXECUTI VE SUMMARY

The ISCgratefully acknowledgegenerousupport from71 Member-Institutions in 47
countries andadditional project grant®3% of totalincome) fromCTBTO, USG$S
BGR, FM Global, Lighthill Risk NetworkMS&AD InterRisk as well as sponsorsisp
from REF TEK GeoSIG TAIDE, SRCand Guralp

This was the first yeahe ISCoperatedasa charitable incorporated organization (CIO);
this status allowtheISCto berunin the most tasefficient manner.

The 2021 annualincomeexceededhelSCO expenditureby £48,988, this surplus will
help to compensate losses expecteti@coming years.

We are grateful to all Members paying their fees promptly and inffLBi820wasstill
owedto the ISC on the 31of DecembeR021; all fees except those written off as bad
delt (NCS, India) have been repaik the time of writing this report.

At any one time16-17 staff memberand2 contractos worked at the 1ISGhis year.

602 seismicstations were registerea modifiedin thelnternational Seismograph
Station Registry.

Within a fewdaysafteran event occurrencthelSC collected and grouped preliminary
data from26 networks ananadethe Preliminary ISC Bulletin available to all users.

The routine process abllectingrevised bulletins froni50institutionsin 91 countries
stood at 12nonths behind real timepanyagenciesvere notable tocomply with this
deadline and inadvertently hinderte ISC Bulletin analysis.

During theyear, the analysts fully reviewed 15 months of IBE€ Bulletin andpartially
revieweda further2 months finally bringing the ISC Bulletin availability forwar our
target: 24months behind real tim.r.t.).

Overall, ~&,000 reviewed events with 856 million associated phases were added to the
reviewed part ofhe Bulletin. The Bulletin (both reviewed and-teviewed) was enlarged
with ~815000 events and 524 million associated phases.

1,6111SC focal mechanism®r recent eventgluly 20187 December2019)wereadded
to the Bulletin based domoth thereportedirst motion polarities and those automatically
picked by the 1ISQising waveforms available dime.

201 PPSM (probabilistic point source model) solutions for earthquakes during the period
JanuaryDecember 201%ereadded to the ISC Bulletin based on aunalysis of
waveforms.

We continuedwaveform pickingof depth phase@lobal)and general seismic phases
(Africa) to fill thegaps in agency reportingt helped to constrain the depth of 1,064
events where there was no sufficient information otherwise.

The ISC BRilletin remainsmore complete than ¢hbulletins of either NEIC or IDC

We worked onthreefurtherissues of the printedSummary of the ISC Bulletin, which
included severahvited articles; each issue and each invited article now iawiit DOI
registered vidheISC6 membershipf CrossRef.

ThelSC-GEM Global Instrumental Earthquake Catalogue has beemdvancedo
include~6,900small continentashallowearthquakeduring 196-2017and91
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earthquake mechanisr{ts9151989)from scientific literatureit wasfurther extendetb
includethe year2018.

References te2,199 scientificarticles related te-3,45 seismiceventshave been added
to thelSC Event Bibliography.

A new ISC servicé theElectronic Archive of Printed Station/Network Bulletins has
been put ito operation

We continuedheoperation anamprovement ofthe CTBTO Link to the ISC database
which experiencea steadystream ofdata requestsom NDC and IDCpersonnel

The ISC database and the website mirrors & [BMC in Seattle, ERI in Tokyd,LNL

in Livermoreand CEA in Beijing/Xiarhelpedto maintaina reasonablspeed of access to
ISC dataThese mirrors (especially at IRIS DMC) helped to deal with data distribution
during the ISC database server crash in April 2021.

152 GT events have been added to the IASPEI Referd&ite Event List.
We extendedhelSC-EHB dataseto include7,880 events fothedata yeaf018.

We continued to rurthe Seismological Dataset Repositorgndthe International
Contacts in Seismology

We participated ira number ofnternationakcientificconfererces mostly online.

The ISC contributed to the wodt IASPEI by maintaining the IASPEI website, leading
several working groups and working at the IASPEI ExecCom.

Impressive ISC data download statistics afet@ge number of published scientific
articlesusing ISC daténdicatevery wide and extensivese of ISC productisy
researchers worldwide.

Signed 10" June2022
Dr. Dmitry A. Storchak
Director
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2STARMABONTRACTORS

A total of 18 membes of staff(16-17 at any one timeandtwo contractos worked at the ISC
throughout theg/ear, thanks taheregularMe mb er 6 s sawmympen of additeomadl
grantsgivento the ISChy internationalbrganizationspublic institutionsand commercial
companiego work on thdSC-GEM catalogue CTBTO Link andStation RegistryStaff
changes through the year are highlightecenhor light blue

Amongthestaff, therewere7 PhD., 4 M.Sc. or equivaleniand4 B.Sc. or equivalent
degreesThe ISC staff represen®sdifferentcountries fron3 continentsSeveral members of
staff tookpart in professional meetingsterndgional conferences anutofessional training
programmespredominantly odine.

ISC staffoftenorganise sessiorat scientific conferences. Several ISC staff are memters
professionborganizations suchs IASPE] EGU, AGU and SSAISC staffmembersare
engaged iINASPEIb s Executive Commi tteequpscommi ssi ons

MANAGEMENT and ADMINISTRATION

Dmitry Storchak, Ph.D. Lynn EIms
DirectorSeismologist Administration Officer
Russia/UK UK

James Harris Oliver Rea, B.Sc. Adrian Armstrong ,

Senior Systems & Database SystemsAdministrator, B.Comp.Sc.
Administrator, UK Software EngineetJK,
UK joined inSeptember
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BULLETIN DATA COLLECTION and ENTRY

The Data Collectioi®fficer communicate with agencies anthanagesoutineautomatic
entry of reported datd.he Hstoricaland BibliographicaData Entry Officer helps with
entering papebased data into the ISC databasd maintaining the ISC Event Bibliography

Gary Job Daniela Olaru,
Data Collec??on dﬁicerUK M.Sc.Admin., Historical and Biblio Data
Entry Officer,RomanidUK, left in December

BULLETIN ANALYSIS TEAM

Up to 7 analystqtwo parttime) andonecontractoreviewedthe ISC Bulletinand performed
limited waveform analysi€€achanalysthasan additional task either in development or data

collection

Kathrin Lieser, Ph.D. Elizabeth Ayres, B.Sc. Blessing ShumbaM.Sc.
Seismologist Analyst Geog.,AnalystHistorical Seismologist Senior
Administrator/ Editor of the Data Officer,UK Analyst ZimbabwdJUK
SummaryGermany

Burak Sakarya, M.Sc., Rebecca VerneyB.Sc., RosemaryHulin,
Seismologist/Analyst AnalystHistorical Data M.Phys.Geog.,3 days a
Turkey Officer, 3 days a weegkJK week UK



ISC: Annual 202Di r ect or 6s Report

Peter Franek,Ph.D.,
Seismologist/Analyst,

Slovakia,left in May

DEVELOPMENT PROJECTS

Domenico Di Giacomo Thomas Garth, PhD

Ph.D. Seismologist/ Senior
Senior Seismologist Developer, UK
Italy/UK

=W

Ryan Gallacher, PhD, Natalia Poiata, PhD,
Seismologist/Developer, Seismologist/Developer,
UK, Moldova/Romania,
joined inJanuary joined inApril
CONTRACTORS

During the year, the followingersors also contributed asontractos:
1 E.R. Engdahl, Ph.D.,Boulder, USA overseeingrepaation ofthe [ISC-EHB dataset

1 Lonn Brown, M.Sc.,University of AlbertaEdmontonCanada: former ISC Analyst,
taking part in analysis of the ISBulletin remotely
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3DEVELOPMEKDVERNANCE DOCUMENTS

The ISC is now governed by its Constitution and -Baes. The Constitution is a legal
instrument that was adopted at the point of registration with the Charity Commission and
endorsed by the Exiwadinary Meeting of the ISC Governing Council on May 12, 2020. The
Bye-laws, fully compliant with the Constitution, provide further details and clarification of
exact rules and procedures applicable in thetdaday operation of the ISC in pursuit of its
mission. The Bydaws wereprepared during 2020021 andadopted by the ehine Biennial
General Meeting (BSM) of the Governing Council on June 21, 2802bmbination of the
Constitution and Bydaws completely replace tledd Working Statutes thatere in usesince
the early 1970s.

The Byelaws specify the ISC mission apdncipletasks,describe the ISC Data Reporters,

Members, Sponsorandthe Host Institution. The Bykaws speci the way the Governing

Council and the Executive Committee (Boafdlrustees) conduct their business meetings

and elect new membershe Byel aws al so specify the Director
financial provisions of ISC operations. Some of these topics have becoaceepteshorm

over the years but have never bepelled out in a single documemhis document willalso

help new seismologistooming towork atthe ISC and its governing bodies in the future.

4. OPERATI ONS
STATION REGISTRY AS PART OF ADSL DAT ABASE

Thelnternational Seismogragtation Registry IR) alocatesglobally unique codgto

seismic statiosworldwide During 2021, the IR has been particularly improved and extended
in Europe, the Mediterranean, Caucasus, Central Asia, Central and South America and the
Caribbean region (Fig. 1) as parttbé regular ISC Bulletin work.

Figure 1. 29,410 stations, open or closediere fullyregistered in therlternational
Seismographic StatioRegistryat the end 02021, parameters 0602 of those if red)
were either registered or modified durittgs year.

The ISC runs a populavebpage giving an account afready registered stations as well as
inviting thesubmission of parameters required to register a new station.
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In fact, the IR has become part of the ADSL database (Agency.Deployment.Station.Location)
whichwe designed andontinue maintainingpintly with NEIC. The ISGmaintairs the
agency. delpdlRDgsmesubdaif ADSL. In order to use all waveform data

available orline, NEIC routinely updates th&DSL database with stations under the
deployment codes equal to correspondtsN two-charactenetwork cods, based on
datalessnini-SEEDfiles availableatIRIS DMC. NEIC no longer needs the IR in d&y-day
operations since they use waveforms of stations availadie@rusually with FDSN codes.

Now and in the future, the globally unique ISC.IR station codes will remain an exclusive
source of station position informatidor the historical period of tim&lso, the ISC.IR will
continue to cover a large number of stations whose waveform datet @eailable to the
international waveform data centres.

At presentfor the majority of its standard operational activitiie ISC uses just the IR

(almost equivalent to ISC.IR element of the ADSL database). In order to be able to deal with
a multitude of additinal stations becoming availatiéggerly from NEIC, the IS@lansto

switchto working with the entire ADSL. To makéis happen, a very large effort is required

to update, test and validate almthst entire operational and web distribution computer code

at the ISCThis workwasbegun in 2019 but progressed slowly dua twajor conflict with

the Bulletin Rebuild projedahat requiredisto run two main ISC databases at the same time.

During 2@1, we:

- changedhe ISC Bulletinveb-searchto use the ISF2.1 formagwhich implementsADSL
station codinyjas the default

- studedthe code of the ISC location progranste how to use it with the ADSIt;was
found to be ADSEcompliant as far the hypocentre location pro@ess calculation of
uncertainties areoncernedpotential difficulties related to ISC magnitudensputation
have been identified; aretherefore building plans twafeguardhe ISC magnitude
values from being skewed by data of the same station reported with different network
codes or stations positied very closely to each other;

- planredmeasures terabletheuseof ISC-EHB software with ADSL.in particular, we
worked on the FFButput format used it5C-EHB production and distribution

- made extensive checks to bring FDSN station coordinates into ADSL;
- started adjusting individual agency bulletin parsers tckwiath ADSL.

Overall, the work on ADSIdid not go as fast as we wanted due to a number of other urgent
needs We shall thugontinuewith this projecthroughout 202.

ISC BULLETIN

Collecting Preliminary Network Bulletins

The ISCcontinuedo collectpreliminary bulletin data froma large number afetworks and
data centres. These data are expectbdveundergmeat least a minimal review by lolca
analysts. Typicallythe incoming daténclude a preliminary hypocentre location, magnitude
estmates, moment tensor solution and station arrival data, thdligie are large variations
from agency to agenc26 agenciegeported preliminary ataduring year2021 (Table ).
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Table 1Agencieghatreportegreliminaritypocentre determinations and correspondin
time data to the ISC in1202

Country Reporting Agency

Armenia National Survey of Seismic Protection

Australia Geoscience Australia

Austria Zentralanstalt fdeteorologie und Geodynamik (ZAMG)

Canada Canadian Hazards Information Service, Natural Resources Canada
Cyprus Cyprus Geological Survey Department

Czech Republic | Geophysical Institute, Academy of Sciences of the Czech Republic
Denmark Geological Survey of Denmark and Greenland

Finland Institute of Seismology, University of Helsinki

France Centre Sismologique Biediterranean (CSEM/EMSC)

Germany Helmholtz Centre Potsdam, GFZ Research Caetrecfences
Germany Landeserdbebendienst Baderitemberg

Hungary Geodetic and Geophysical Research Institute

India National Geophysical Research Institute

Italy Istituto Nazionale di Geofisica e Vulcanologia

Japan Japan Meteorological Agency

Kyrgyzstan Institute of Seismology, Academy of Sciences of Kyrgyz Republic
Norway University of Bergen

Norway Stiftelsen NORSAR

Romania National Institute for Earth Physics

Russia Geophysical Survey of Russian Acafl8oignces (GS RAS)

Russia Baykal Regional Seismological Centre, GS RAS

Russia Kamchatka Branch, GS RAS

Slovenia Slovenian Environment Agency

Spain Instituto Geografico Nacional

UK British Geological Survey

USA NEIC, USGS

There are1 agencies that produce bulletisgon aftemnevent occuence andheverreturn
to event reanalysis unless there is a special n@&able 2) Theseagencies can be considered
as reporting both preliminary and final bulletins at the same time.

Table 2 Agencieshatreporedfinal analysis results within a mondi event occurrence

Country Reporting Agency

Australia Geoscience Australia

Austria International Data Centre, CTBTO

Chinese Taipei Institute of Earth Sciences, Academia Sinica

France Institut de Physique du Globe de Paris

France Laboratoire de Detection et de Geophysique/CEA
French Polynesia | Laboratoire de Geophysique/CEA

Germany Alfred Wegener Institute for Polar and Marine Research
Germany GFZ Potsdam

10
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Greece National Observatory of Athens

Greece University of PatrasDepartment of Geology
Ireland Dublin Institute for Advanced Studies
Namibia Geological Survey of Namibia

New Zealand Institute of Geological and Nuclear Sciences
Norway Stiftelsen NORSAR

Poland Institute of Geophysics, Polish AcademySufiences
Portugal Instituto Geofisico do Infante Dom Luiz
Portugal Sistema de Vigilancia Sismologica dos Agore
Romania National Institute for Earth Physics

Spain Real Instituto y Observatorio de la Armada
Switzerland Swiss Seismologicabervice

USA Pacific Tsunami Warning Center

Notably, the availabilityf data from the IDC/CTBTO bulletin (REB}ayedasagreedwith

CTBTOT seven days after formal release of eR&8B data day This is essential since the

ISC is the only channéhrough which academic research scientists can get regular

uninterrupted access to the REB event and station recording parameters (not original

bulletins) excepfor the mostrecert0-1 4 day s . I n Iine with CTBTOS®G
release, the ISC 3ot allowed to make the original REB bulletins openly available.

Building the Preliminary ISC Bulletin

Preliminary hypocentre solutions and station arrivals are grangee 1ISC database with
corresponding solutions from other ageneird made availablarough the standard ISC
Bulletin search procedureithin a few hoursf receipt For each event an output includes
several hypocentre solutions reported by various agencies, all reported source mechanisms
and magnitude estimates as well as corresporgdatgpn arrivadata.Eventheades include

logo imageof eachreporting agency andylxlicking on the logo, Preliminary ISC Bulletin
uses canget further information from each agency directly.

Almost all events with magnitudeand above and many of after magnitude are reported
within the first week. Further reports beyond one week add information to already reported
large and moderate everasd also inform abowwmaller events.

This processs thereto fill the gap between the event occurrence aeditme when the final
Reviewed ISC Bulletin becomes available. It presents an attempt to consolidate the effort of
many data centres and networks to make their data available internationally in good time. At
this stagehelSC does not compute or publigg own event solutions. This servicenist

intended for usey themedia or civil protection agencies. It is designeddaubed by
seismologists$o receive as much information as possiblene single formarom one single
sourceand then to get acce$o details usinthe linksprovided tothe original data reporters.

Approximatelyone year after each seismic event occurrence rélienmay data from
agencies arsubstituted with theifinal, revised versionghis iswell before the ISC analysts
maketheirfinal review of the ISC Bulletin. The ISC hypocentre solutions are still badgd on
on the revisedet of bulletinparametricdata given byach reporting institutian

11
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Collecting Revised Network Bulletins

The standal ISC datacollectionpulls togetherevisedbulletinsfrom agencies (network data

centres and single observatoriagund the worldip to 12 months behind real timhis

delay gives thenajority ofdata contributors enough time for reviewing and fsiag their

bulletin data before submissitmthe ISCThere is though still a considerable number of

agencies that delay their reportaumto24 months behind real time, givitige ISC little

time to apprehend the data before the analysis befesgbbal pandemic has obviously

made the | SC data collection harder as many
analyse and send their data to the ISC on time.

Appendix lists 150 agenciesn 91 countriesthat contributed revised seismic bulletins to the
ISC during thecalendaryear 2@1. It is important to note that amotigemthereis one

regional data concentratothe NEIC/USGSwhichin fact represesta number ofJS-based
networks

Notably, one of tle data contributors ihelSC itself, with depth phase arrival time picks for
earthquakesvorldwide arrival time picks from African stations fearthquakes Africa as
well as PPSM solutions and source mechanisms basgolamities offirst motions.

Figure2 shows countries and agencies that contributed revised bufi@tinarious months
and yearsdirectly or indirectly (via other agenciesjuring 2@1. Figure 3 shows those
agencies that reported data for the data months that the ISC reviewepd2R4inThis
collectionis generally more complete (see the improveme@aimer@n, South Africa
Thailand, etcue totheefforts of the Data Collection Officeand the Director tobtain
missingagency data before thealysisat the ISChegan

—_—

Figure 2. Agencies (black dots)
and corresponding countries (in
colour) that reportedevised
bulletins during 2021; red/grey
colours indicate direct/indirect
contributions.

Figure 3. Agencieand
corresponding countriethat
reported revisedbulletins for the
data months reviewed by the IS
in 2021: Sep20181 Jan2020.

During 2021, weexperienced highly irregular data deliveries in several courdagsed by
the consequences of the global pandemicadadye backlog of data to be processed

Among the new data received durid@2l, we should mention the seismic bulletins from:

1 Institute of GeologyKomi Science CentréJral Branch Russian Academgf Sciences

12
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The ISC Bulletin is progressively updated with each network report coming in. Preliminary
network contributins are substituted with final reviewsew events are built, merged or

split with every new report coming to the ISC bynail and processed either automatically or
manually by the ISC Dat@ollectionOfficer.

The Analyst Administratoandthe DataCollectionOfficer regularly review the stas of data
collection and contact various agencies to avoid reporting apsDirector helps to address
urgent and difficult cases.

First Motion Based Focal MechanismqISC-FM) Computedin House

In 2021, we continued with the production of focal mechargscalculated in house at the

ISC and based on first motion polarities. Focal mechanisms of recent earthquakes are
calculated automaticallyconbining first motion polaritieseported to the IS@ith auto

pickedfirst motionsfrom waveforms availablat IRIS, EIDA, and other openly accessible
waveform archives. We look at all earthquakethe reviewed ISC bulletiwith a magnitude
mbisc O4.5andfocusespeciallyon earthquakes with no previously reported source
mechamsms(Fig. 4). In this work we usene HASH algorithm to compute focal mechanisms
(Hardebeck and Shearer, 2002) and FilterPicker source code to automatically determine the
polarities of first motions (Lomaat al, 2012). The entire procedure is described in scientific
papers published by béas (2018) ah Lentas and Harris (2019).

Figure 4. Map of1,611
earthquakegrom July 2018

© % to December 201fbr which
* %0 thesource mechanisms wer
computed by the ISQuring
2021 and made available
throughtheon-line bulletin.

0 50 100 150 200 250 300 350 400 450 500 550 600 650 700

Depth [km]

In HouseWaveform Picking of Depth Phases

Sincel 964, t he haSlkébssedon ssingoha seismogram (waveform) arrival

time measurements (picks) made by many tens of observatories and data centres. In recent

years, the ISC used reported arrival timesXf.5thousand stations worldwide. The ISC

does not have sufficient staff capacity to obtain those picks from waveforms, even if these
waveforms were always available. We nevertheless feel that the value and quality of the ISC
Bulletin would have been compromise i f we di dndédt act in two pal

Depth phases such as pP, sP, pPKP, sPKP etc. are crucial for constraining the hypocentre
depth of many moderate earthquakes in the ISC Bulletin that tmxtaraway from

monitoring stations. During the last-1@ years though, we have observed a steady decline in
the number of depth phasepored by agencies

13
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Since 2018, we set aside a small fraction of analyst resources to deal with the problem.
SeveralSC analysthiave beepicking the depth phases on wérens available from IRIS
DMC for earthquakes witmbVE' &4.8, using the SEISAN software (Havsketal, 1999,
2010, 2020)The resultof this activitywereusedin the routine production of the ISC
Bulletin.

Depth phases for 810 earthquakes were added to the ISC Bulldtiringthis year Figure5

shows1,064 events for which this information was cruciieg., the depth would have

ot herwise had to be fio6askodstheavorldwide distribugiom 6fs def a
163 stations used and their comparative input. As expected, stations in quiet regimia, of

Australia, Antarctica antllorth Americaprovided the largest input.

Fig. 5. The map o1,064events where Fig. 6. Waveforms oi63stationswere used
additional ISC pP/sP picks were critical to by thelSCto deliver the missingP/sP picks;
constrain the ISC event depth relative contributiors are shown by colour.

We also continued picking waveforrfrem the Africa Array to compensate for the
unfortunate lack of permanent observatiomsrlarge parts of this continent. We include
these picks in the routine production of the ISC Bulletin.

Bulletin Review (finally re aching 24 months b.r.t.)

When the time comes, one monthdés worth of da
of automatic procedes are run to produ@tomatic ISC event locations and magnitude
determinations for those events that are large dntuge reviewed by the |S&halysts The

threshold criteria are complex yadinmost all events of magnitu®:5 and larger are reviewed.

The ISC seismolagts/analystgurrentlyreview~10% of all events formed in the ISC

database by theutomatic procedes Although thisreviewmisses smaller events nitakes

the mosused part othe ISC Buletin accurate and trustworthyhe accuracy ohk135based
(Kennettet al.,1995)ISC solutions and magnitude estimatasjproper grouping of

reported information between the events inBl#etin is under constant scrutiny. The ISC

analysts also review the correctness of automatic association of reported station arrivals to
events, report ed tamrandiravettimé esidpalsase i denti fi ca

All analysis work is done using thésual Bulletin Analysis System (VBASbHhat throughout
the year allowed the analysts to work both in the office and at their private homes.

Throughout 2@1, the Analyt Teamvariedbetweer6.2 atthe start of the year antl2

membersn the second halff the yearThe Team was also assisted by an outside contractor
(former member of the Team) as well as some members of the Team working additional
hours during weekersd

14
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During 2021, the Teantondudedthe review of the standard current ISC Bullgtin
successfullyecoveringthe delg in analysisaccumulated oveaecentyears when the VBAS
was built and the RebudlbrojectwasaccomplishedFig.7). In addition, members of the
Team were involved in other projects such as theESB bulletin, Event Bibliography,
ISC-GEM catalogue, depth phase picking from waveforms and production of the
printed/electronic Summary of the ISC Bulletin.
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As a result, dring 2@1, the Analysis Teamfully reviewed 15 completedatamonths of the
recentlSC Bulletin with 2 data months receiving partial revieWhe analysis€overed data
from SeptembeR018 to January2020. Theanalysts weravorking with approximatelythe
samemonthlynumber of eventasduringthe previousfive years(Fig. 8). Neverthelesghe
number of associated phases reviewed by analystainedon the increasas new stations
and networksvereinstalled By design, VBAS helped to alleviate this problem.
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Figure 8. Monthly number of seismic events in the Reviewed IS€tiAalhalysed during
2021; the solid colour represents those data months that were fully completed during tl
year; hedashed line shows the average monthly number during the preceding 5 years

During the calendar year 20(2020), ~86,000(~87,000 reviewed events with10.6 (~11.6)

million associated phases were added to the reviewed part of the Bulletin by the ISC analysts.
Overall, the Bulletin (both reviewed and-teviewed) was enlarged witl835000
(~949000)events and ~24 (~29.9) million associated phasd3uring the caledar year

2021, oncethe analysts reached the 24 months b.r.t. mark, the production of the Bulletin went
steadywith one data montheleasedn each calendar month. Hence, fewer events and
associated phases have been reviewed during 2021 as compare@l to 202
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The result of the ISC work can be segmen comparindgrigures 9 and10. A fuzzy picture of
theoriginally reportedsesmicity is sharpenedh the Reviewed ISC Bulletin.

Figure 9. All hypocentres
reported by individual
networks $eptembe2018 1
January2020).

Figure 10. Primary
hypocentres in the ISC
Bulletin (black) in the
period Septembe018 i
January2020); in red are
the revieweevents

Figurell demonstrates the diversity of seismic phaselsidedin the ISC Bulletin.

Figure 11. The
travektime graph and
associated table shoy
the statistics of
various seismic
phasegStorchaket
al., 2003, 2011;
Schweitzert al,
2019)generated by
large shdbw events
reviewed by the ISC
analysts during 221,
depth <=35 km and
magnitude above 5.5
are shown.
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